Of 124 staphylococcal strains isolated from sheep milk, 78 produced enterotoxin A, B, C, or D when evaluated by an enzyme-linked immunosorbent assay. Enterotoxins A and D, elaborated by 44 and 43 strains, respectively, showed the highest incidence. Enterotoxin production by coagulase-negative strains (one Staphylococcus cohnii, three S. epidermidis, five S. haemolyticus, and four S. xylosus) was detected. Linear and logarithmic-logarithmic regressions of optical density on enterotoxin concentration yielded the best-fitting equations for enterotoxin quantitation. A significantly higher incidence of enterotoxin producers and significantly higher levels of enterotoxins produced were recorded for coagulase-positive, thermostable nuclease-positive, hemolysis-positive, or mannitol-positive strains. Mannitol utilization was the best test for discriminating between enterotoxigenic and nonenterotoxigenic staphylococci.
Staphylococcal intoxication worldwide stands out as one of the main food-borne diseases, with a frequency in incidents of microbiological origin second only to salmonellosis (35, 36) . Milk and milk products are common vehicles for staphylococcal food poisoning (7) .
A low incidence (2.6 to 9.4%) of enterotoxin producers in staphylococci isolated from raw bovine milk has generally been recorded (9, 10, 20) . Staphylococcal enterotoxin A (SEA) and SEB (9) , SEC (20) , and SED (10) are the most common serotypes. Mastitic udders of cows constitute a major reservoir for staphylococci, with a frequency of enterotoxigenic strains ranging from 0 to 14.6% (1, 9, 10, 17, 25 ) and a distinct preponderance of strains producing SEC, SED, or both.
Staphylococcal enterotoxins have been detected in cow's milk cheeses (33, 39) , with a relatively high frequency (2.8 to 5.4%) of contaminated samples. Enterotoxin production in different cheese varieties manufactured from cow's milk inoculated with Staphylococcus aureius has been demonstrated (31, 32, 37) . Levels of S. aureus over 107 CFU/g were in most cases necessary for the production of detectable amounts of enterotoxin.
Sheep milk is generally used for cheese manufacture, in many cases without a previous heat treatment. Staphylococci from sheep milk have been characterized, and frequencies of 61.4 to 81.8% enterotoxigenic strains have been recorded (18, 19, 26) , most of them SEC producers. Staphylococcus counts from single herd samples investigated at our laboratory (2) (8) and the United Kingdom (38) . SEA and/or SED was found in the cheeses responsible for these outbreaks.
This considerable risk of staphylococcal intoxication due to sheep milk cheese consumption has renewed interest in enterotoxin production by staphylococci present in milk from this species. Previous studies (18, 19, 26) (22) .
Enterotoxin assay. SEA, SEB, SEC, and SED were determined by using an ELISA diagnostic kit obtained from W. Bommeli (Bern, Switzerland), with polystyrene spheres as the sorbent (14) . ELISAs (Table 1 ). This incidence of enterotoxigenic strains is similar to the 61.4% (19) and 71.8% (18) levels previously reported for sheep and sheep milk staphylococci and considerably higher than levels obtained for cow's milk staphylococci (9, 10, 20) . In the present work the most frequently detected enterotoxins were SEA and SED, produced by 44 and 43 strains, respectively, whereas SEB and SEC were elaborated only by 8 and 27 strains, respectively. Our results are in disagreement with data published by Haijek (19) , who found 2 SEA producers, 46 SEC producers, and 3 SED producers out of 83 staphylococci from sheep nares or udders, and by Gutierrez et al. (18) , who detected 4 SEA producers, 48 SEC producers, and 1 SED producer out of 71 staphylococci from mastitic ovine milk.
The origin of our strains, isolates from single herd samples of sheep milk instead of nares or udder isolates (19) or mastitic ovine milk isolates (18) , may account for differences in predominant enterotoxin serotypes. The use of the ELISA, which is more sensitive than the slide-gel doublediffusion test (19) or the optimal sensitivity plate method (18) , might also explain the higher incidence of SEA and SED producers, in agreement with the results obtained by Lenz et al. (24) for staphylococci of food origin.
Our enterotoxigenic strains had been characterized (2) as S. aureus (65 coagulase-positive strains) or S. cohnii, S. epidermidis, S. haemolyticus, and S. xylosus (1, 3, 5, and 4 Determination coefficients for our data obtained with different variable transformations are shown in Table 2 . The linear-linear equation was superior to the rest of equations for SEA and SED, performing better than linear-logarithmic (4, 13) , logit-logarithmic (16) , and logarithmic-logarithmic (29) . This linear-linear equation was proposed by Thompson et al. (34) for monoclonal and polyclonal antibody ELISAs. Since most of our enterotoxigenic staphylococci were SEA and SED producers, the linear-linear regression equation was also preferred for SEB and SEC quantification, in spite of the higher determination coefficients obtained for these enterotoxins with the logarithmic-logarithmic transformation. The equations employed in this work for the quantification of enterotoxins are presented in Table 3 . The highest amounts of the various enterotoxins produced by our strains were 288.7 ng of SEA per ml by an S. haemolyticus strain, 10.4 ng of SEB per ml by an S. aureus strain, 212.7 ng of SEC per ml by an S. aureus strain, and 779.0 ng of SED per ml by an S. aureus strain.
Physiological characteristics and enterotoxin production.
The enterotoxigenicity of staphylococci positive or negative for various physiological characteristics is shown in Table 4 . When coagulase activity was considered, chi-square tests detected significantly higher (P < 0.001) frequencies of coagulase-positive strains than of coagulase-negative strains for SEA production and enterotoxigenicity. Thermostable nuclease-positive staphylococci yielded a significantly higher (P < 0.001) rate of SEA producers than did nucleasenegative staphylococci. frequency of SEA producers (P < 0.05) and of enterotoxigenic strains (P < 0.001) than nonhemolytic staphylococci. Acetoin production was not a reliable test to differentiate enterotoxigenic from nonenterotoxigenic staphylococci. Significantly higher (P < 0.001) rates of SEA producers and of enterotoxigenic strains were detected in mannitol-positive staphylococci when compared with mannitol-negative staphylococci.
Indirect tests such as the tube coagulase test and the thermostable nuclease test are useful to detect potentially enterotoxigenic staphylococci (21) , although some authors (3) concluded that physiological characteristics do not differentiate enterotoxigenic from nonenterotoxigenic S. aureius. The data in Table 4 suggest that hemolysin production and mannitol utilization are at least as reliable as the thermostable nuclease test when used as indicators of enterotoxin production by sheep milk staphylococci.
Sixty-five coagulase-positive strains were enterotoxigenic. When the 33 coagulase-negative strains were examined, no additional enterotoxigenic staphylococci were found among thermostable nuclease-positive strains, but 10 additional enterotoxigenic staphylococci were detected among hemolytic strains, 10 were detected among acetoin-positive strains, and 3 were detected among mannitol-positive strains. Seventy-one hemolytic strains were enterotoxigenic. In the 24 nonhemolytic strains, 4 additional enterotoxigenic staphylococci were found among coagulase-positive strains, 4 were detected among nuclease-positive strains, 7 were detected among acetoin-positive strains, and 4 were detected among mannitol-positive strains. Sixty-six mannitol-positive strains were enterotoxigenic. When the 34 mannitol-negative strains were taken into account, 2 additional enterotoxigenic staphylococci were detected among coagulase-positive strains, 1 was detected among nuclease-positive strains, 9 were detected among hemolytic strains, and 10 were detected among acetoin-positive strains.
From 78 enterotoxigenic staphylococci studied in the present work, the highest recoveries (number recovered/ total) were obtained with the following pairs of tests: he- (Table 5) were significantly higher for coagulase-positive, nuclease-positive, hemolysis-positive, or mannitol-positive strains than for the strains with a negative reaction in these tests. Mannitol utilization exhibited the highest degree of significance (P < 0.001) in the differentiation of enterotoxigenic and nonenterotoxigenic sheep milk staphylococci. Production of SEB and SEC was generally low and independent of staphylococci physiological characteristics. Mean levels of SED tended to be higher in strains with a positive reaction in at least one of the physiological characteristics considered, but differences between means were not statistically significant. The total amount of enterotoxins was significantly higher for coagulase-positive (P < 0.05), nuclease-positive (P < 0.05), hemolysis-positive (P < 0.05), or mannitol-positive (P < 0.01) strains.
These results confirm the conclusion drawn from the data in Table 4 that not only the tube coagulase test and the thermostable nuclease test but also hemolysin production and mannitol utilization are useful to differentiate enterotoxigenic from nonenterotoxigenic sheep milk staphylococci. 
